Abstract-The CMS experiment uses information from its electromagnetic and hadronic calorimeters and muon detectors to decide whether to readout the whole detector. For such a task to be successful, all trigger primitives pushed through the trigger decision tree must be flawlessly aligned in time for operation at 40 MHz. Both calorimeters in CMS use the Synchronization Link Board for this purpose. In this article we report on the results of tests of this board using realistic beam conditions, which demonstrate the soundness of the adopted architecture and synchronization principle.
I. INTRODUCTION TH E trigger system for the Compact Muon Solenoid (CMS) experiment at the CERN LHC will have to select 100 out of the more than 600 million interactions taking place every second [1] . This is achieved using a 2-level architecture. The Level 1 (LI) Trigger is responsible to reduce the interaction rate down to 100 kHz using coarse information from the calorimeter and muon systems, selecting signatures of muons, electrons, photons, jets and missing energy. Then the High Level Trigger (HLT) performs the final selection of events to be saved, reconstructing detailed information as needed, including hits in the silicon tracker in a commodity PC farm. This article briefly reviews the Level 1 Trigger architecture of CMS and then focus on results from the first beam operation of the Synchronization Link Boards (SLB) connecting the Electromagnetic and Hadronic calorimeters (ECAL and HCAL) to the Regional Calorimeter Trigger (RCT).
II. CMS LEVEL 1 TRIGGER
The CMS LI Trigger can be broadly divided into 2 branches, as depicted in Fig. 1 For this, a special purpose mezzanine card, the Synchronization Link Board (SLB) was designed [2] - [3] . The most important feature of the SLB for achieving synchronization of the ECAL and HCAL with the RCT are its built-in timing accumulators. These are histograms that integrate the timing of the trigger data produced in each trigger channel, with respect to the start of orbit. These accumulators are 1024 (25 ns) bunch crossings long and each bins is 11-bit wide (counting up to 2047). The accumulators also have a variable threshold, such that it is possible to count only trigger primitives whose energy is above a certain value.
A procedure based on the correlation of the patterns recorded in these accumulators, which will be used to synchronize the more than 7000 trigger data channels of both ECAL and HCAL is described in [4] .
.rlgg.r~~~RKEC GIb Tigger I _y~e Fig. 1 . Overview of the CMS Level I trigger system. On the left (dashed) the Calorimeter branch and on the right (dotted) the Muon branch. The merging of the data from the different Calorimeter trigger data sources into the Regional Calorimeter Trigger has to be properly synchronized at its inputs, which is accomplished using the SLB [2] - [3] . Figure 2 (bottom) shows the structure of an ECAL barrel supermodule which comprises 1700 lead-tungstate crystals grouped into 68 trigger towers (TT) of 25 crystals each. It is the data from each TT that is sent through the trigger path and synchronized and accumulated by the SLB. Trigger data is generated by adding, in the front-end electronics, the energy of the 25 crystals. Whenever there is a positive trigger decision, the individual crystal data is then readout by data concentrator cards. The readout system used in the H4 test beam area is described in [5] .
In order to test the operation of the accumulator histograms -the crucial part Fig. 4 (top) . There we see the same pattern repeated twice inside the 1024 bins. In order to quantify the delay between the similar patterns and the degree to which they are similar to each other, we have calculated the correlation between delayed copies of the first half of the histogram (shaded) with the original accumulator contents, according to 1023 -Ab Corr (Ab) = horiginal (b)hcopy (b + Ab) (1) b=O This self-correlation is depicted in Fig. 4 (bottom) Fig. 6 (bottom) .
When the beam is centered in crystal 1432, which is at the same distance from TT55 and TT58, the number of counts in the neighboring towers should be proportional to the total number of particles in the beam. Furthermore, if the beam is purely mono-energetic, this behavior should be independent of the energy threshold chosen to discriminate the trigger primitives. Figure 7 (top) plots the ratio of the number of counts in the neighboring towers (55 and 58) with respect to the central tower (59). The fact that the two ratios are not at the exact same level can be due to an asymmetry of the beam profile in the horizontal direction. The important feature is that these ratios remain quite parallel when the energy threshold is changed, as expected from the arguments above. The fact that at high threshold the points seem to converge to the same level suggests that a beam halo of lower energy electrons is responsible for the observed difference.
When centering the beam on crystal 1451, which is much closer to TT58, TT55 has less hits of a certain energy deposited and so the number of counts in the corresponding accumulator is heavily suppressed. This is shown in Fig. 7 (bottom). Fig. 7 . Evolution of the ratio of counts registered in neighboring towers (55 and 58) with respect to the number of counts registered in the tower in which the beam (59) is centered for different energy thresholds applied to the SLB accumulators. The top figure corresponds to the case at which the irradiated crystal is equally distant from the neighboring towers whereas the bottom corresponds to the case in which the crystal is closer to trigger tower 58.
